The chimney technique can be combined with thoracic endovascular aortic repair (TEVAR) to both obtain an appropriate landing zone and maintain blood flow of the arch vessels. However, surgical repair becomes more complicated if retrograde type A aortic dissection occurs after TEVAR with the chimney technique. We herein report a case involving a 73-year-old woman who developed a retrograde ascending dissection 3 months after TEVAR for acute type B aortic dissection. To ensure an adequate proximal sealing distance, the proximal edge of the stent graft was located at the zone 2 level and an additional bare stent was placed at the left subclavian artery (the chimney technique) at the time of TEVAR. Enhanced computed tomography revealed an aortic dissection involving the ascending aorta and aortic arch. Surgical aortic repair using the frozen elephant trunk technique was urgently performed. The patient survived without stroke, paraplegia, renal failure, or other major complications. Retrograde ascending dissection can occur after TEVAR combined with the chimney technique. The frozen elephant trunk technique is useful for surgical repair in such complicated cases.
Introduction
The improved outcomes and lower risk associated with thoracic endovascular aortic repair (TEVAR) have led to expansion of its use for various indications, including aortic dissection. 1, 2 Retrograde ascending dissection (RAD) is a feared complication after TEVAR that occurs in 1% to 3% of patients. 3, 4 It is an emergency that requires surgical repair. The chimney technique can be performed in combination with TEVAR when it is necessary to preserve the forward blood flow of the arch vessels after landing of the stent graft on zones 0 to 2. 5, 6 However, RAD may occur after TEVAR performed using the chimney technique, and surgical repair in such cases is more complicated. We herein report a case of delayed RAD secondary to TEVAR combined with the chimney technique performed to maintain the blood flow of the left subclavian artery (LSA); the RAD was successfully treated with surgical repair using the frozen elephant trunk (FET) technique.
Case Report
A 73-year-old Japanese woman initially presented to another institution with a complaint of syncope. She had left-sided hemiparesis due to a previous cerebral infarction, and she was taking atorvastatin daily to treat dyslipidemia. Although the syncope disappeared soon afterward, a computed tomography (CT) scan showed an acute type B aortic dissection. During the next month, the diameter of the descending aorta increased from 44 to 50 mm despite optimal medical therapy, and endovascular intervention was required to avoid aortic rupture ( Figure 1 ). The patient underwent TEVAR with a Zenith Dissection Endovascular System (TX-D; Cook Japan, Tokyo, Japan). The procedural sequence was as follows. The right common femoral artery, exposed through an inguinal incision, was used as the remote access vessel. Initial aortography revealed the primary entry tear close to the LSA and another entry tear at the Th10 level. An adequate proximal sealing distance required the proximal landing zone to be proximal to the LSA. Therefore, the LSA was rescued with an uncovered stent (Luminexx 12 Â 40 mm; Medicom, Osaka, Japan) inserted through a sheath in the left brachial artery, and the proximal edge of the stent was located inside the aortic arch (chimney technique). The proximal component of the TX-D (Zenith TX2 40 Â 216 mm) was carefully advanced over the stiff wire and deployed distal to the common trunk of the brachiocephalic artery and left carotid artery. Correct exclusion of the proximal entry tear was then ensured by aortography. However, the other entry tear at the Th10 level appeared to still be open; it was therefore covered with another stent graft (Zenith TX2 40 Â 81 mm) deployed by overlapping 1 stent with the proximal stent graft. Finally, the uncovered stent component of the TX-D (46 Â 164 mm) was deployed, sufficiently overlapping the second stent graft, and its distal edge was located at the L3 level. The completion angiogram showed no evidence of an endoleak; therefore, no additional balloon dilation was needed (Figure 2 ). The patient was discharged with no complications. However, she presented to our institution 3 months later with new complaints of sudden-onset back pain and subsequent syncope. She was in shock, and her systolic blood pressure was <70 mm Hg. A CT angiogram showed a retrograde type A aortic dissection originating close to the proximal edge of the previously implanted stent graft; hemopericardium was also present ( Figure 3 ). The patient was immediately taken to the operating room. Cardiopulmonary bypass was initiated with dualstage right atrial drainage and systemic perfusion through the bilateral axillary arteries. The patient was placed on cardiopulmonary bypass and cooled to profound hypothermia (20 C). Systemic cooling to 25 C in the pharynx was also applied. During the circulatory arrest, the ascending aorta and aortic arch were opened and inspected. The dissection originated from the proximal edge of the previously inserted stent graft, which had eroded through the aorta. The stent inserted in the LSA had partially protruded from the proximal edge of the stent graft into the aortic arch ( Figure 4A ). The aortic arch was dissected at the proximal level of the common trunk of the brachiocephalic artery and left carotid artery, and the stent inserted in the LSA was cut as distally as possible. A 39-mm, 12-cm J Graft open stent graft (Japan Lifeline Co, Ltd, Tokyo, Japan) was inserted distally into the previous stent graft (FET technique) and fixed to the aortic wall by a 3-0 polypropylene running suture followed by end-to-end distal anastomosis with an additional 4-branched fabricated graft. After distal perfusion was restarted from a branch of the graft, proximal anastomosis was performed at the level of the sinotubular junction. The brachiocephalic artery and left carotid artery were then individually reconstructed with branches of the graft. Finally, the third branch of the graft was brought to the left axillary artery through the left thoracic cavity and anastomosed. The proximal LSA was ligated at an unstented part distal to the stented part and proximal to the origin of the left vertebral artery ( Figure 4B ). The patient was easily weaned from the cardiopulmonary bypass. Hemostasis of the operative field was ensured, and the chest was closed. The patient was transferred to the intensive care unit in a stable hemodynamic state. By the next morning, she was awake and extubated with no neurological deficits. She left the intensive care unit 3 days after the operation, and her postoperative course was uneventful thereafter. Enhanced CT showed thrombosis in the false lumen of the descending aorta with no endoleaks ( Figure 5 ). 
Discussion
Compared with open surgery, TEVAR has demonstrated improved outcomes and has been recognized as a less invasive treatment of thoracic aortic aneurysms, expanding its use and indications.
1,2 Alternative techniques have been proposed to further expand the applicability of endovascular repair of aortic arch diseases. Among these techniques, surgical bypass or transposition of the supra-arch branches is commonly used to extend the proximal landing zone to the aortic arch or ascending aorta while maintaining vital circulation to the brain and upper extremities. 7 With respect to surgical bypass or transposition (eg, left carotid-left subclavian bypass or transposition of the LSA to the left carotid artery) in the present case, we did not want to manipulate the left carotid artery because the patient had a history of stroke and severe arteriosclerosis of the intracranial arteries, resulting in a high risk of postoperative stroke. Bilateral axillary bypass might be an alternative without a risk of stroke. However, long-term durability remains uncertain. Another possibility includes branched stent grafts, which can allow for total endovascular treatment of aortic arch diseases and resolve concerns regarding surgical bypass or transition. However, application of this technology is limited to case report and small case study. 8, 9 These devices must be customized to each patient before implantation, meaning that their use is more complex and less applicable, especially in the emergency setting. In addition, long-term durability and patient outcomes are still under investigation. Alternatively, one advantage of the chimney technique is that readily available, on-the-shelf stents can be used. When these stents are placed in the side branches parallel to the aortic stent graft, a prolonged proximal landing zone can be created, and continued perfusion of the aortic side branches can be maintained. The chimney technique has demonstrated good results. Xue et al 6 performed TEVAR with the chimney technique to preserve the LSA in 59 patients. In their report, immediate endoleaks occurred in 15.3% of patients, and perioperative complications including stroke and upper limb ischemia occurred in 3.4% and 1.7%, respectively. During follow-up, the mortality rate was 5.4%, and collapse and occlusion of the chimney stents occurred in 5.4% and 3.6% of patients, respectively. 6 Hogendoorn et al reviewed 94 patients with 101 chimney-stented aortic arch branches (brachiocephalic artery in 20 patients, left common carotid artery in 48, and LSA in 33). Their technical success rate was 98%. Endoleaks occurred in 18.0% of patients and stroke in 5.3%. The overall perioperative mortality rate was 3.2%, and all chimney stents were patent during 11 months of follow-up. 5 These data indicate that the chimney technique is a feasible treatment option and may expand the treatment strategies for patients with challenging thoracic aortic pathology and anatomy.
Among the complications of TEVAR, RAD is one of the most catastrophic events and requires immediate management. In previous studies, the reported incidence of RAD after TEVAR ranges from 1.3% to 6.8%, 3, [10] [11] [12] and the reported mortality rate is 42%. 3 Patients undergoing TEVAR for type B dissection seem to be the most prone to developing RAD. 3, 4 Other factors associated with the occurrence of RAD include the use of proximal bare spring stent grafts 3 and a mean angle of >50 between the aorta proximal to the stent grafts and the top stent of the stent grafts. 4 Wire or catheter manipulation and balloon touch-up are also considered to be associated with intraoperative RAD. 10 The occurrence of RAD has also been reported after TEVAR performed with the chimney technique, reaching an incidence of 1.8%. 6 We found no reports suggesting that the chimney technique is associated with the occurrence of RAD after TEVAR, possibly because few cases of the chimney technique have been reported. However, Kpodonu et al 10 reported that oversizing of the stent graft by more than 20% is a contributing factor to the development of RAD because it results in a higher radial force against the aortic wall, leading to potential intimal injury and tears. In the present case, we selected a 40-mm device for the proximal stent graft according to the 36-mm diameter of the proximal landing zone, resulting in about 10% oversizing. In addition, a 12-mm uncovered stent was used for the 10-mm diameter of the LSA. Although the size of each device seemed to be standard in terms of the manufacturer's instructions for use, it should be noted that these 2 devices were placed parallel in the proximal landing zone, which can generate more stress on the aortic wall and may contribute to the occurrence of RAD.
Once RAD develops, surgical intervention is mandatory, although medical management is commonly required for patients whose condition is too morbid to allow for aortic replacement. The mortality rate for patients in whom RAD develops after TEVAR reportedly exceeds 40%. Among this population, patients in whom RAD develops during the TEVAR procedure tend to have the worst outcomes, with a mortality rate reaching 70%. 3 However, some reports have shown preferable results after aortic repair for RAD using the FET technique. The FET technique seems to have some advantages in that it does not require removal of the previous stent graft and can achieve distal anastomosis proximal to the previous stent graft. Idrees et al 13 reported 14 cases of RAD repaired using the FET technique. Among them, 1 patient underwent reoperation for bleeding and 2 required a tracheostomy for respiratory failure. However, no renal failure, stroke, spinal injury, or operative mortality occurred. 13 Gorlitzer et al 14 successfully repaired 3 RADs immediately after TEVAR by means of the FET technique using a Jotec E-vita open stent graft (Jotec Company, Hechingen, Germany). All patients survived, and no stroke, paraplegia, renal failure, or other major complications were reported. Absence of endoleaks and stable aortic dimensions were confirmed by postoperative CT scans in all patients after 6 months.
14 To the best of our knowledge, no reports have described aortic repair for RAD after TEVAR combined with the chimney technique. This condition is more complicated than RAD after TEVAR alone because the chimney stents are present in the aortic arch in addition to the main stent graft, and the stent graft may be located more proximally in the aortic arch or even in the ascending aorta. Nevertheless, the FET technique does not always require manipulation of the previously implanted stent grafts and chimney stents, that is, the distal anastomosis can be achieved at a more proximal position relative to these devices regardless of their location, facilitating reconstruction of the aortic arch and supra-arch branches. The FET technique seems to be beneficial in surgical repair for RAD after TEVAR, even when combined with the chimney technique.
Conclusion
In summary, we have herein reported the development of RAD secondary to TEVAR combined with the chimney technique for preservation of the LSA; the RAD was successfully repaired using the FET technique. The FET technique is useful for repairing RAD after TEVAR, even if the TEVAR was combined with the chimney technique.
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